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2 F 7/2 , in the Yb + ion are investigated by calculating the quadrupole moments (Θs) of the 5d 3/2,5/2 and 4f 7/2 states using the relativistic coupled-cluster (RCC) methods. We find an order difference in the Θ value of the 4f 7/2 state between our calculation and the experimental result, but our result concur with the other calculations that are carried out using different many-body methods than ours. However, our Θ value of the 5d 3/2 state is in good agreement with the available experimental result and becomes more precise till date to estimate the the quadrupole shift of the [4f 14 6s] 2 S 1/2 → [4f 14 5d] 2 D 3/2 clock transition more accurately. To justify the accuracies in our calculations, we evaluate the hyperfine structure constants of the 6s 1/2 , 5d 3/2,5/2 and 4f 7/2,5/2 states of 171 Yb + ion using the same RCC methods and compare the results with their experimental values. We also determine the lifetime of the 5d 3/2 state to eradicate the scepticism on the earlier measured value as claimed by a recent experiment. 
A single trapped Al
+ ion is the most accurate atomic clock till date [1] implying that one of the singly charged ions is capable of becoming the primary frequency standard in future provided its stability can be further improved. The [10, 11] and can be used as the interrogation times in the clock transitions involving these states. Owing to these facts, many other important studies like parity nonconservation [12, 13] , quantum information [14] , variation of the fine structure constant [15] etc. using the above transitions in Yb + are also in progress. One of the major resources that contribute to the uncertainty budget of a clock frequency measurement is the quadrupole shift resulting from the stray electric field gradient (∇E (2) ) during the experiment [16] . This shift can be accurately estimated with the precise knowledge of the quadrupole moments (Θs) of the states involved in a clock transition. This urges for determination of Θs Latha et al. [18] had employed the relativistic coupledcluster (RCC) method while Itano [17] [10, 11] .
Theoretically quadrupole moment of a hyperfine state, |(γIJ)F M F , with the angular momentum F and azimuthal component M F for the nuclear spin I, atomic angular momentum J and γ representing other additional information of the state is given by Θ(γF ) = (γIJ)F F |Θ [30] , for which we can express [16] (
where F ||Θ (2) ||F is the reduced matrix element and in the IJ-coupling approximation it is given by
for Θ(γJ) = JJ|Θ (2) 0 |JJ the quadrupole moment of the atomic state. The quadrupole shift in the |(γIJ)F M F state due to the interaction Hamiltonian
is given by [16, 31] 
where α and β are the Euler angles used to convert the principal-axis frame to the laboratory frame, ǫ is known as the asymmetry parameter and A is the strength of the field gradient of the applied dc voltage. Also, the A hf of the |(γIJ)F M F state is given by [32] 
where g I and µ N are the gyromagnetic ratio and magnetic moment of the atomic nucleus and T
(1) e is the even parity tensor of rank one representing the electronic component of the hyperfine interaction Hamiltonian.
The lifetime of the [4f
can be determined as We consider the Dirac-Coulomb (DC) Hamiltonian to calculate the atomic wave functions which is given in the atomic unit (au) by
where α D and β D are the Dirac matrices, c is the velocity of light and V n (r) is the nuclear potential. and from |Φ N +1 0 see different DF potentials. Consequently, the difference in the results of this state when calculated using |Ψ v and |Ψ a at the same level of approximations may be able to entail the effect of the 6s electron in the construction of the occupied orbitals.
In the Fock-space RCC formalism, only brief discussions are given here from the detailed descriptions of Refs. [22, 23, 33] , we express and
where T N −1 and T N +1 excite the core electrons from the new reference states |Φ v and |Φ a , respectively, to account for the electron correlation effects and the S v operator annihilates the valence electron v that was appended by a † v and creates a virtual orbital along with carrying out excitations of the core electrons from |Φ N −1 0 while the R a operator regenerates the core electron a by annihilating another core electron elsewhere along with creating excitations of other core electrons from |Φ and R 2a in the detachment approach to account as the uncertainties due to the neglected triples.
The matrix element of a physical operator O between the |Ψ f and |Ψ i states (or the expectation value with |Ψ f = |Ψ i ) are determined in our RCC method by
where
Evaluation procedures of these expressions are described elsewhere [23, 33] .
In Table I , we present Θ(γJ) values for all the considered states of 171 Yb + from our calculations and others along with the A hf results and compare them with the available measurements. We also give contributions from the DF method and from the individual CCSD (including complex conjugate (c.c.)) terms along with the estimated upper-bounds to the uncertainties within the parentheses in the same table. As seen, our final Θ values are almost in agreement with the other calculations and experimental results and also more precise, except for the Θ value of the [4f 13 6s 2 ] 2 F 7/2 state. Although the calculations of Ref. [18] are carried out using the similar method as ours, but in the present work we have used a self-consistent procedure to account for the contributions from the nontruncative O series in contrast to Ref. [18] , in which the terms are terminated at finite number of T N −1 operators. Our A hf results seem to be agreeing with the experimental values within their reported error bars, which are determined using g I = 0.98734 [34] . to possibly presume that it corresponds to the hyperfine state. This, therefore, calls for another experimental verification and more rigorous theoretical studies including higher level excitations to expunge the above ambiguity. Moreover, we also give the Θ of the fine structure partner, [4f 13 6s 2 ] 2 F 5/2 , of the above state so that its value can be independently probed by other methods in order to crosscheck our calculations. Considering our calculated Θ values for all the states, we plot in Fig. 2 . Using these results, we get τ 5d3/2 = 50.78(50) ms which is in very good agreement with the experimental result 52.7(2.4) ms of Ref. [10] and repudiate the argument by the latest experiment, which observes τ 5d3/2 = 61.8(6.4) ms [11] , about underestimate of the systematics in the former measurement [10] .
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